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Cubical ZrO2 phosphor doped with the europium synthesized by conventional solid state
synthesis method. The prepared phosphor was characterized by X-ray diffraction (XRD)
technique, field emission gun scanning electron microscopy (FEGSEM) and transmission
electron microscopy (TEM). In this paper, we focused on the thermoluminescence glow
curves and kinetic parameters, activation energy, order of kinetics, and the frequency
factor of ZrO2:Eu
3þ phosphor under different doses of UV irradiations at a heating rate of
6.7 C/s. The kinetic parameters activation energy E, the order of kinetics b, and the fre-
quency factor s of synthesized phosphor of ZrO2:Eu
3þ have been calculated by using a peak
shape method.
Copyright © 2014, The Egyptian Society of Radiation Sciences and Applications. Production
and hosting by Elsevier B.V. All rights reserved.1. Introduction
Nowadays oxide host materials are an ideal host material for
various phosphors, because of its wide bandgap and presents
low phonon energy such as Y2O3, ZrO2 etc. (Borisov, Brik, &
Novikov, 1989; Merikhi & Feldmann, 2000; Tamrakar et al.,
2013). Zirconium oxide (ZrO2) is an important and fasci-
nating oxide material, easily doped with the rare earth ions.3.
, raunak.physics@gmail
ptian Society of Radiatio
iety of Radiation SciencesEuropium is the most used lanthanide to produce red light
emission for applications such as fluorescent tubes for light-
ing applications, color television, X-ray photography and
detection systems (Liaparinos & Kandarakis, 2009, Xu et al.,
2009). ZrO2 has a large bandgap (5.8 eV) and an attractive
material in both fundamental and application-oriented
research. It is well known for low thermal conductivity, high
melting point, and high thermal andmechanical resistance. It
is used as an ideal medium for fabrication of highly.com (R.K. Tamrakar).
n Sciences and Applications.
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Scheme 1 e Synthesis of ZrO2:Eu
3þ phosphor.
Fig. 1 e X-ray diffraction (XRD) pattern of ZrO2:Eu
3þ.
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phonon energy, high chemical and photochemical stability.
ZrO2 also plays an important role in the preparation of novel
optical device materials. Thermoluminescence (TL) is the
emission of light from a sample when it is heated due to
previous absorption of energy from irradiation. UV induced TL
in rare-earth-doped oxide phosphors and its possible use in
UV dosimetry have been investigated, showing that Eu-doped
ZrO2 is sensitive enough to measure background UV radiation
such as from sunlight, bulb light, etc. (Al-Khatatbeh, Lee, &
Kiefer, 2010; Gillani, Ercan, Qiao, & Webster, 2010; Harrison,
McLamed, & Subbarao, 1963; Sala, Habib, Khan, & Djouider,
2011; Smits et al., 2010).Fig. 2 e Fourier transform infra-red spectroscopy (FTIR)
spectrum of ZrO2:Eu
3þ phosphor.2. Synthesis of ZrO2:Eu
3þ
ZrO2:Eu
3þ phosphors were synthesized by conventional
solid state method. Oxide of rare earth materials such as
zirconium oxide (ZrO2), europium oxide (Eu2O3) and boric
acid as a flux with high purity (99.99%) was used as pre-
cursor materials to prepare Eu3þ doped ZrO2 phosphor. In
stoichiometric ratios of rare earth ions Eu3þ (0.5e2 mol%)
and ZrO2 were used to synthesize ZrO2:Eu
3þ phosphor.
These chemicals were weighed and grinded into a fine
powder by using agate mortar and pestle for nearly 45 min.
The grinded sample was placed in an alumina crucible and
heated at 1200 C for 3 h followed by dry grinding of 1 h. The
sample is allowed to cool at room temperature in the same
furnace for about 15 h (Scheme 1) (Tamrakar, Bisen, &
Brahme, 2014; Tamrakar, Bisen, Robinson, Sahu, &
Brahme, 2014).3. Structural and morphology
characterization
The sample was characterized at the Inter University Con-
sortium (IUC) Indore for X-ray diffraction. XRD data were
collected over the range 20e65 at room temperature. The XRD
measurements were carried out using a Bruker D8 Advance X-
ray diffractometer. The X-rays were produced using a sealed
tube, and the wavelength of the X-ray was 0.154 nm (Cu K-
alpha). The X-rays were detected using a fast counting de-
tector based on silicon strip technology (Bruker LynxEye de-
tector). The particle size was calculated using the
DebyeeScherrer formula. The particle size and morphological
investigations of ZrO2:Eu
3þ prepared by this process were
carried outwith a scanning electronmicroscope (SEM; LEO 440
system). The thermoluminescence studies were carried out
using TLD reader I1009 supplied by Nucleonix Sys. Pvt. Ltd.,
Hyderabad. The sample was irradiated by UV radiation
254 nm. The heating rate used for TL measurement is 6.7 C/s.
Kinetic parameter evaluated by Chen's peak shape method
and graph plotted by Origin 8.0.4. Result and discussion
4.1. Structural characterization
XRD patterns of ZrO2:Eu
3þ(1%) phosphor the samples are
shown in Fig. 1. The width of the peak increases as the size of
the particle decreases. The particle size was calculated using
Scherrer's formula. The Scherrer formula is given by:D¼ 0.9 l/
b cos q. Where, D is the average particle size perpendicular to
the reflecting planes, l is the X-ray wavelength, b is the
FWHM, and q is the diffraction angle. The size of the particles
has been computed from the full width half maximum
(FWHM) of the intense peak using the Scherrer formula. The
particle size was found to be z40 nm (Guinier, 1963;
Tamrakar, Bisen, & Brahme, 2014; Tamrakar, Bisen,
Robinson, et al., 2014; Tamrakar & Bisen, 2013).
Fig. 3 e Scanning electron microscope (SEM) image of ZrO2:Eu
3þ.
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characterization
In order to determine the atomic bonds in a molecule FTIR
analysis was carried out. Present molecular structure was
determined by FTIR analysis. FTIR spectra of ZrO2:Eu
3þ phos-
phor sample. The absorption band centered at
3300e3500 cm1 corresponds to OH stretching vibrations is
very low, enhanced the luminescence properties. Peak at
743.85 & 506.93 cm1 corresponds to ZreO in the ZrO2 lattice
(Sala et al., 2011; Smits et al., 2010) (Fig. 2).
4.3. Scanning electron microscope (SEM)
The morphology of material was determined by using high
resolutions microscope. Here Scanning Electron MicroscopyTable 1 e Kinetic parameters for ZrO2:0.5% Eu
3þ.
UV min T1 Tm T2 t d u
5 min 239 239 239 62 69 131
10 min 237 237 237 51 59 110
15 min 276 276 276 64 67 131
20 min 239 239 239 52 60 112
25 min 237 237 237 52 58 110
30 min 276 276 276 48 97 145
Table 2 e Kinetic parameters for ZrO2:1%Eu
3þ.
UV min T1 Tm T2 t d u
5 min 151 176 205 25 29 54
10 min 142 176 206 34 30 64
15 min 139 176 205 37 29 66
20 min 141 176 199 35 23 58
25 min 146 176 203 30 27 57
30 min 144 176 205 32 29 61
Table 3 e Kinetic parameters for ZrO2:1.5%Eu
3þ.
UV min T1 Tm T2 t d u
5 min 142 173 199 31 26 57
10 min 143 173 200 30 27 57
15 min 142 173 198 31 25 56
20 min 142 173 199 31 26 57
25 min 145 173 200 28 27 55
30 min 146 173 199 27 26 53(SEM) was used. SEM images of prepared ZrO2:Eu
3þ phosphors
are shown in Fig. 3. As this figure shows, the grain size of
ZrO2:Eu
3þ nearly equal to the XRD results. The surface
morphology is uniform.
4.4. Thermoluminescence studies
Thermoluminescence (TL) glow curves of ZrO2:Eu
3þ, phosphor
were recorded after UV irradiation. The TL glow curves for
different UV doses and for different Eu3þ at a heating rate of
6.7 C s1 are shown bellow.
Fig. 4(A)e(D) shows the TL glow curve of ZrO2 doped with
0.5%, 1%, 1.5% & 2% Eu3þ for 5, 10, 15, 20, 25 and 30 min UV
irradiation. Prominent glow peaks found at 179 C, 176 C,
173 C and 169 C respectively for all the UV exposure time.
Sample shows second order of kinetics. The order of kinetics,m ¼ d/u Activation energy (E) Frequency factor (s)
0.52672 0.42643 3.8  105
0.53636 0.52279 5.6  106
0.51145 0.4094 2.3  105
0.53571 0.51246 4.2  106
0.52727 0.51046 3.9  106
0.66897 0.60124 4.8  107
m ¼ d/u Activation energy (E) Frequency factor (s)
0.53704 1.05484 1.1  1013
0.46875 0.76074 4.2  109
0.43939 0.69256 6.63  108
0.39655 0.72645 1.67  109
0.47368 0.86503 7.14  1010
0.47541 0.81049 1.63  1010
m ¼ d/u Activation energy (E) Frequency factor (s)
0.45614 0.82217 2.62  1010
0.47368 0.85343 6.13  1010
0.44643 0.82043 2.5  1010
0.45614 0.82217 2.62  1010
0.49091 0.91878 3.61  1011
0.49057 0.95307 9.15  1011
Table 4 e Kinetic parameters for ZrO2:2%Eu
3þ.
UV min T1 Tm T2 t d u m ¼ d/u Activation energy (E) Frequency factor (s)
5 min 120 169 225 49 56 105 0.533 0.52 7.6  106
10 min 121 169 224 48 55 103 0.534 0.531 1.0  107
15 min 119 169 225 50 56 106 0.528 0.508 5  106
20 min 118 169 226 51 57 108 0.528 0.498 4  106
25 min 103 169 232 66 63 129 0.488 0.374 1.1  105
30 min 114 169 229 55 60 115 0.522 0.46 1.1  106
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applying Chen's equations. To determine the order of kinetics
the form factor, m [m ¼ (T2  Tm)/(T2  T1)], which involves T1
and T2 (temperature corresponding to the half of the in-
tensities on either side of themaximum)was calculated (Chen
& Krish, 1981; Chen & McKeever, 1997; Tamrakar et al., 2013;Fig. 4 e (A)e(D) Thermoluminescence
Fig. 5 e (a) Shows the dose Vs intensity of ZrO2:Eu
3þ with diffra
concentration Vs intensity plot of ZrO2:Eu
3þ.Tamrakar, Bisen, Sahu, & Brahme, 2014). Tables 1e4, Fig. 5(a)
show the dose Vs intensity of ZrO2:Eu
3þ with diffraction
concentration of Eu3þ & (b) shows the Eu3þ concentration Vs
intensity plot of ZrO2:Eu
3þ.
Fig. 6 presents the TL decay plot for 2 mol% of ZrO2:Eu
3þ
after UV exposure 5e20min it is observed that the TL intensityglow curve of ZrO2:Eu
3þ (0.5e2%).
ction concentration of Eu3þ & (b) shows the Eu3þ
Fig. 6 e Shows the decay curve of ZrO2:Eu
3þ (2%).
J o u r n a l o f R a d i a t i o n R e s e a r c h and A p p l i e d S c i e n c e s 7 ( 2 0 1 4 ) 4 8 6e4 9 0490decreases exponentially with time. It shows the high fading
and less stability present in the sample for 2 mol% of Eu3þ.
CaSO4:Dy and Al2O3:C (Lakshmanan, 1999; Yun, 2000) both the
phosphors show second order kinetics, the prepared
ZrO2:Eu
3þ phosphor shows similar kinetic behavior.5. Conclusions
The Eu3þ doped ZrO2 phosphor with different Eu
3þ concen-
tration has been synthesized by using conventional solid state
reaction method. The XRD characterization shows that the
prepared phosphor has particle sizez40 nm. The glow curve
for Eu3þ doped ZrO2 expressed second-order kinetics. Trap
depth was found to be in the range of 0.42e1.29 eV. The fre-
quency factor varied from 3.8  105 to 9.15  1011.r e f e r e n c e s
Al-Khatatbeh, Y., Lee, K. K. M., & Kiefer, B. (2010). Phase relations
and hardness trends of ZrO2 phases at high pressure. Physical
Review B, 81, 214102 (1e10).
Borisov, S. A., Brik, V. S.,&Novikov, A. I. (1989). Patent SU1518345-a.
Chen, R., & Krish, Y. (1981). Analysis of thermally stimulated process.
New York: Pergamon.Chen, R., & McKeever, S. W. S. (1997). Theory of thermoluminescence
and related phenomenon. Singapore: World Scientific.
Gillani, R., Ercan, B., Qiao, A., & Webster, T. J. (2010).
Nanofunctionalized zirconia and barium sulfate particles as
bone cement additives. International Journal of Nanomedicine, 5,
1e11.
Guinier, A. (1963). X-ray diffraction. San Francisco: Freeman.
Harrison, D. E., McLamed, N. T., & Subbarao, E. C. (1963). A new
family of self-activated phosphors. Journal of the Electrochemical
Society, 110(1), 23e28.
Lakshmanan, A. R. (1999). Photoluminescence and
thermostimulated luminescence processes in rare earth-
doped CaSO4 phosphors. Progress in Materials Science, 44(1e5).
Liaparinos, P. F., & Kandarakis, I. S. (2009). The imaging
performance of compact Lu2O3:Eu powdered phosphor
screens. Medical Physics, 36(6), 1985e1997.
Merikhi, J., & Feldmann, C. (2000). Homogeneous coatings of
nanosized Fe2O3 particles on Y2O2S. European Journal of Material
Sciences, 35, 3959e3961.
Sala, N., Habib, S. S., Khan, Z. H., & Djouider, F. (2011).
Thermoluminescence and photoluminescence of ZrO2
nanoparticles. Radiation Physics and Chemistry, 80, 923e928.
Smits, K., Grigorjev, L., Millers, D., Sarakovskis, A., Opalinska, A.,
Janusz, D., et al. (2010). Europium doped zirconia
luminescence. Optical Materials, 32, 827e831.
Tamrakar, R., Dubey, V., Swamy, N. K., Tiwari, R., Pammi, S. V. N.,
& Ramakrishna, P. V. (October 2013). Thermoluminescence
studies of UV-irradiated Y2O3:Eu
3þ doped phosphor. Research
on Chemical Intermediates, 39(8), 3919e3923.
Tamrakar, R. K., & Bisen, D. P. (2013). Optical and kinetic studies
of CdS:Cu nanoparticles. Research on Chemical Intermediates, 39,
3043e3048.
Tamrakar, R. K., Bisen, D. P., & Brahme, N. (2014).
Characterization and luminescence properties of Gd2O3
phosphor. Research on Chemical Intermediates, 40, 1771e1779.
Tamrakar, R. K., Bisen, D. P., Sahu, I. P., & Brahme, N. (30 July
2014). UV and gamma ray induced thermoluminescence
properties of cubic Gd2O3:Er
3þ phosphor. Journal of Radiation
Research and Applied Sciences. http://dx.doi.org/10.1016/
j.jrras.2014.07.003.
Tamrakar, R. K., Bisen, D. P., Robinson, C. S., Sahu, I. P., &
Brahme, N. (2014). Ytterbium doped gadolinium oxide
(Gd2O3:Yb
3þ) phosphor: topology, morphology, and
luminescence behaviour in Hindawi Publishing Corporation
Indian. Journal of Materials Science. Article ID 396147, 7 pages.
Accepted 04.02.14.
Xu, L. P., Vagner, J., Josan, J., Lynch, R. M., Morse, D. L., Baggett, B.,
et al. (2009 Aug). Enhanced targeting with heterobivalent
ligands. Molecular Cancer Therapeutics, 8(8), 2356e2365.
Yun, M.-H. (August 2010). Investigations of Al2O3:C for dosimetry
using luminescence stimulated by blue light. Journal of the
Korean Physical Society, 57(2), 223e226.
